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 A Metaheuristic Approach for IT Projects 
Portfolio Optimization 
 Shashank Pushkar, Abhijit Mustafi and Akhileshwar  Mishra   
Abstract— Optimal selection of interdependent IT Projects for implementation in multi periods has been challenging in the 
framework of real option valuation. This paper presents a mathematical optimization model for multi-stage portfolio of IT 
projects. The model optimizes the value of the  portfolio within a given budgetary and sequencing constraints for each period. 
These sequencing constraints are due to time wise interdependencies among projects. A Metaheuristic approach is well suited 
for solving this kind of a problem definition and in this paper a genetic algorithm model has been proposed for the solution. This 
optimization model and solution approach can help IT managers taking optimal funding decision for projects prioritization in 
multiple sequential periods. The model also gives flexibility to the managers to generate alternative portfolio by changing the 
maximum and minimum number of projects to be implemented in each sequential period. 
.Index Terms— IT Projects portfolio Management, optimization, Financial Evaluation, Genetic Algorithm , Real Option. 
 
——————————      —————————— 
1 INTRODUCTION
IT Projects investment decisions are crucial for any firm to 
implement e-Business. Widely used Discounted Cash Flow 
(DCF) method is not appropriate to evaluate IT investments 
as it is designed for the projects with no option features 
([1],[2]). The inability of Discounted Cash Flow  analysis to 
take care of impact of flexibility underlying IT investment 
decisions have forced IT managers to rely on their gut in-
stinct.[3]. 
Real Option analysis has been an alternative approach 
that incorporates impact of flexibility while evaluating IT 
projects. This project evaluation method has been used 
based on quantification of projects benefits and costs [4] as 
well as the risk and volatility of cash flows ([5],[6]).But very 
few research has scrutinized the relevance of real option 
analysis of IT investments for optimizing a portfolio of 
projects. Dickinson et. al. [7] introduces an optimization 
model for interdependent technology projects but it is not in 
the framework of real option valuation. Portfolio of IT 
projects involve interdependencies which can create mul-
tiple options ( [8],[9]).Cobb and channes  [10] propose an 
approach for the Real Option Valuation of the portfolio of 
real investment projects. Bardhan et.al. [11] proposes an in-
teger programming model to get the optimal sequence for 
implementation of IT projects.Costa et. al.[12] proposes an 
approach for evaluating the software project risk.Fang and 
Chen [13] propose a portfolio selection model for a mixed 
R&D projects.Liang et. al. (2008)[14] give a framework for 
the IT investment on the basis of Real Option and Mean –
Variance theory perspective.Peters and Verhoef[15] quanti-
fies the yields of risk of IT portfolio. Shashank et.al. [16]  
proposes a dynamic programming solution to this class of 
problem,but it works for the smaller portfolio  as with in-
creaded number of projects the variable becomes very large 
because of curse of dimensionality. 
This paper gives a simplified mathematical model to op-
timize an IT projects portfolio where projects can be sequen-
tially interdependent (which is an important characteristic of 
IT projects. The model dynamically calculates option values 
for each project due to its dependent projects implemented 
in the period subsequent to it.   Genetic Algorithms have a 
proven track record in handling such large search field prob-
lems. The simple act of crossover and mutation allows the 
algorithm to search a large search space and converge quick-
ly to an optimal solution. In case of exceptionally large 
search spaces the algorithm provides the option of being 
terminated after a fixed number of iterations . This may not 
provide the best solution in all cases but usually gives a very 
good approximation of the solution. The proposed solution 
yields the optimum sequence for implementation of IT 
projects to have the maximum overall portfolio value 
(DCF+ROV) across multiple time periods. This can help IT 
managers taking optimal funding decisions. The rest of the 
paper is organized as follows. 
Section 2 specifies the problem  The mathematical model 
is defined in section 3. A Genetic Algorithm solution is given 
in section 4 and an illustrative numerical example is given in 
section 5. Finally we conclude in section 6.   
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2      PROBLEM SPECIFICATION 
 The Problem undertaken comes under the category of IT 
project valuation and investment decisions for project port-
folio management. This problem applies to any firm that 
decides to implement e-Business or wants to invest in mul-
tiple IT projects. Here the collection of IT projects is a portfo-
lio of projects to be implemented in sequential periods. The 
projects are implemented separately but they have two types 
of dependency. They are as follows: 
1. Total   dependency 
2. Partial dependency     
3. No dependency 
    Total dependency of project i on project j indicates that the 
capabilities developed for project j is also required by project 
i  i.e. j creates an option to implement i and I can be imple-
mented either together with j or after the implementation of j 
but not before j‖s implementation. If  i is implemented after 
implementation of  j, Call Option value of  i should be added 
to the DCF value of project j(according to real option analy-
sis). 
Partial dependency of project i on j indicates that the ca-
pabilities developed for project j supports or enhances the 
capabilities required by project i, but there is no strict re-
quirement   of project i to be implemented together with j or 
after j‖s implementation. But if i is implemented without 
implementation of j, the benefit level of   i would reduce by 
some fraction depending on the level of dependency.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    In the fig. 1   α1, α2 .etc. .are  all investment projects. The 
solid arrow indicates total dependency (e.g. α2 is totally de-
pendent on α1). Dashed arrow indicates partial dependency 
(e.g. α6 is partially dependent on α5). The project that has no 
dependency on any other projects are independent and 
without arrow. 
    All these IT projects in the portfolio could not be imple-
mented simultaneously due to the constraints of the budget 
of the firm and uncertainty regarding success of IT projects 
(customer response, implementation success within the firm 
etc.).Therefore these projects are generally implemented 
stage-wise in sequential periods. Each period may have dif-
ferent budget. The projects implemented in initial stage or 
period provides opportunities (option) for remaining unim-
plemented projects which are dependent on implemented 
ones. Thus the initial implementation of projects provide 
flexibility to the managers to decide about whether to im-
plement the remaining projects in the portfolio (seeing the 
response from the customers and the success of projects im-
plementation within the  firm ).Since these projects generally 
share technology and the firm , they share risk. So, the 
projects implemented in early stages (periods) relax the un-
certainties for the remaining unimplemented projects.     
    According to real option valuation methodologies, 
projects create option for dependent projects to be imple-
mented in subsequent periods and hence option value of 
dependent projects must be added as Real Option value to it. 
So, the total value of a project will be its DCF value plus Real 
Option values due to its dependent projects to be imple-
mented in subsequent periods. Here it is important to note 
that the Real Option Value for these dependent projects will 
not be added to Option generating project which are either 
implemented before it or together with it. 
   The problem requires to be formulated as a mathematical 
model for the optimization of such IT projects portfolio 
across multiple sequential periods so that the overall value 
of the portfolio is maximized. 
3   MATHEMATICAL MODEL 
 
3.1 Notation 
 
p   Set of given projects 
pn  Number of  project. 
N  Total number of periods for completing the  
          implementation of the projects 
kB  Budget   for period k (k=1,2,..,N) 
r  rate of interest 
ikC  Present Value of cost of project i if i is   implemented  
            in   period k 
          ( i = 1,2,..,n p ; k = 1,2,..,N). 
       cost of project i funded in period )1/( rk k-1 
 
              
( here if k =1, it means the project is funded in the 
          beginningof  first period) 
iD  Set of projects directly dependent on project i  
           PDi  
ijd  Level of dependence of project i on project j, defined  
         as  follows: 
          0ijd , if  j is not directly dependent on i; 
          10 ijd , j is partially dependent on i; 
          1ijd , , if  j is totally dependent on i. 
 
ikR  Present value of return from project i , if it is 
           implemented in period k. 
 
α1 
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Fig.1 Possible dependencies among the IT 
projects 
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           where,  
          itr  return from project  i at the end of t th  period. 
 
         x  the expected number of periods up to which the  
                project is going to give the return . 
         k  period of implementation of project i 
ikX  Binary value indicating implementation period for 
              project i , where, 
  
ikX 1, if  i is implemented in period k;  
          0, otherwise. 
          and , 1
1
ik
N
k
X           
           i.e. each  project i is implemented only once. 
 
ikW  Discounted  cash  flow(DCF) value of project i if i is  
           implemented in period k . 
ikV  The Net Present Option value  for project i attributed 
            to its dependent projects if i  is implemented in  
            period k. 
ijV  Option value for project i due to project j , where 
          0ijV   if iDj   Di. 
1ijkY , if i is implemented prior to implementation of j 
           0 , otherwise. 
 
minQk  minimum number of projects to be   
                   implemented in  period k 
maxQk =Maximum number of periods to be implemented 
                 in  period k 
3.2  Problem Statement 
 
It follows from notation above that  
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The problem is to maximize 
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Subject to the constraints 
 
   1)  Σ  C i k . X i k  - B k  ≤ 0 ( Budget Constraint) 
        i  
    2)  
minQk
 ≤  i  X i k ≤  
maxQk
   ( Number of 
projects to be implemented in a period) 
                     
Here the objective function indicates that the real option 
value of project i due to project j will only be added if  i is 
implemented prior to the implementation of j. Observe that 
no additional sequencing constraint is required as maximiz-
ing the above objective function will automatically take care 
of the sequencing. 
4 GENETIC ALGORITHM BASED SOLUTION 
Genetic algorithms[18] are meta-heuristic optimization tech-
niques based on natural theory and survival of the fittest . 
The operators involved in GA tend to be heavily inspired by 
natural selection and consequently successive generations of 
the algorithm continue to propagate the best traits of the 
population.  This leads to rapid convergence of the 
search[25]. Also the introduction of the mutation operator 
ensures that diversity is not neglected and the search is not 
trapped in a local maximum. A flow chart illustrating the 
basics steps of GA based optimization is given in fig 2. 
The chromosome structure chosen to represent the problem 
is a sequence of ―b‖ bits where  
b =(no of projects*no of periods) 
A representative bit sequence for a portfolio of seven 
projects to be completed over three(3) periods would conse-
quently be a 21 bit sequence. It is easy to visualize the above 
case in terms of integer numbers where any number in the 
range 0 – 2b-1 would have its binary representation as one of 
the possible chromosomes.  
Once defined the chromosome is divided into N equi-
length sequences where N is the number of periods under 
consideration. Every set bit in these subsequences would 
represent a project to be completed in that particular period. 
The GA is then introduced to search over the search space 
to optimize the NPV of the portfolio 
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Fig. 2 Flowchart for GA based Optimization 
 
.  
5   NUMERICAL EXAMPLE 
A seven IT projects portfolio is taken as an illustrative exam-
ple. The interdependencies among projects are shown in  
Figure 1  in Section 2 of the paper. The results were simu-
lated using MATLAB® genetic algorithm tollbox.   
Here the project planning horizon is taken as N= 3 pe-
riods. i.e. k = 1,2,3  and  n p = 7. 
Other data about the portfolio is listed in the tables below. 
TABLE 1- COST-RETURN OF PROJECTS 
Project 
i 
Present Value 
of cost in  
period k 
Present Value of 
return in period k 
α1 15 13 
α2 30 35 
α3 70 65 
α4 60 100 
α5 15 20 
α6 50 150 
α7 125 150 
Note: Present value of costs and returns for projects to be imple-
mented in period k is taken same for k= 1, 2, 3 for the shake of sim-
plicity. 
 
Table 2 – DEPENDENCY LEVEL AMONG PROJECTS 
 
 α1 α2 α3 α4 α5 α6   α7 
             
α1  0 0 0 0 0 0 
            
α2 1  0 0 0 0 0 
            
α3 1 0  0 0 0 0 
            
α4 0 0.25 1  0 0 0 
            
α5 0 0 0 0  0 0 
             
α6   0 0 0 0 0.25  0 
             
α7 0 0 1 0 0 0  
 
 
TABLE 3 – OPTION VALUES DUE TO DEPENDENCY AMONG 
PROJECTS 
 
 α1 α2 α3 α4 α5 α6   α7 
α1  10 10 0 0 0 0 
α2 0  0 5 0 0 0 
α3 0 0  10 0 0 10 
α4 0 0 0  0 0 0 
α5 0 0 0 0  5 0 
α6   0 0 0 0 0  0 
α7 0 0 0 0 0 0  
 
Note: Option values for dependent projects are taken 
same for simplicity but they can be calculated using 
nested option model option model( Benaroach et.al. [20]) 
for each project due to its each dependent project. 
Budgets for each three periods are as under:  
B1 = 90 , B2 = 125, B3 = 175. 
Qkmin = 2 and   Qkmax  = 3 for each k = 1, 2, 3. 
 
TABLE 4-OPTIMIZATION RESULTS 
 
The GA solution given in  section IV of the paper is ap-
plied to the above example portfolio. The results obtained 
are tabulated above in Table 4 and the convergence of the 
algorithm is shown in Fig. below. 
The results show that those projects that provide infra-
structure to many other projects(thus having high option 
values) are selected in  early periods for funding  and those 
having no option value are deferred to the later periods. This 
also indicates that the maximization of the option compo-
nent of portfolio value   selects the projects ,which have max-
imum  number of dependent projects ,earlier than those 
projects which are having less dependent projects or no de-
pendent. Since the projects of these types of portfolio shares 
risk for being successful, early implementation of high op-
 K=1 K=2 K=3 
Selected Projects 
for funding  
α1, α3 α2, α4, α5 α6, α7 
Costs of projects 85 105 175 
Budget 90 125 175 
PORTFOLIO 
VALUE 
616.75 
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tion projects  would lower the overall risk of success for the 
portfolio. 
The model yields the optimum value for the overall port-
folio along with the periods for the funding  of  projects in 
the portfolio. The method  calculates the option values of 
each project due to its dependent projects dynamically and 
thus represents a significant  improvement over the existing 
models for prioritization of IT projects in real option valua-
tion framework .This approach can help IT managers taking 
optimal funding decisions . 
As a final demonstration the best chromosome for the 
representative case used in the paper is presented below. 
The chromosome  represents 3 periods of activity and each 
column has the set bits representing the projects to be com-
pleted ideally in that particular period. The solution clearly 
demonstrates the findings of Table 4.  
100 
010 
100 
010 
010 
001 
001 
Fig. 3 The best chromosome for the case study 
 
 
 
 
 
 
 
 
 
Fig.4 The Convergence and best solution for the GA 
6 CONCLUDING REMARK 
We have developed a multi period portfolio optimization 
model. The model uses GA to calculate option values for 
each project due to its dependent projects implemented sub-
sequently. This is the improvement over the existing works 
where the option values are calculated statically for each 
projects due to its dependent projects. and not dynamically 
at the time of implementation decision making. The meta 
heuristic nature of the solution  yields the optimal sequence 
of implementation of IT projects in multiple periods to get 
the maximum overall portfolio value .The proposed algo-
rithm is very suitable to solve this problem as it is modeled 
as a multistage optimization problem  and it makes possible 
to calculate  option values for each project due to its subse-
quently implemented  dependent projects to maximize the 
overall portfolio value. The model also gives flexibility to the 
managers to generate alternative portfolio by changing the 
maximum and minimum number of projects to be funded in 
a period. 
The research work can be further extended by incorporat-
ing fuzziness in the model as the terms like dependency lev-
el among projects, level of benefits etc. are uncertain and 
may change with the changing decision time 
REFERENCES 
[1]  Benaroach, M. , and Kauffman, R.J.A Case for using real options 
pricing analysis to evaluate information technology project in-
vestments.Information system Research, 10,1(1999),70-86. 
[2] Benaroach, M., and Kauffman, R.J.Justifying electronic network 
expansion using real option analysis . MIS Quarterly, 24, 2 
(2000), 197-225. 
[3] Fitchman, R. Real options and IT platform adoption : Implications 
for theory and practice. Info.Sys.Res., 15, 2 (2004), 132-154. 
[4] Kambil, A. , Henderson, C. J. , and Mohsenzadeh, H. Strategic 
management of information technology investments . In R. 
Banker, R. J. Kauffman and M. A. Mahmood (ed.), Strategic In-
formation Technology Management: Perspective on Organiza-
tional Growth and Competitive Advantage. Harrisburg, PA, 
Idea Group Publishing,1993,161-178. 
[5] Benaroach, M. Managing information technology investment 
risk: A real options perspective . Journal of Management In-
formation System, 19,2(2002), 43-84. 
[6] Schwartz, E. S., and Zozaya-Gorostiza, C.Investment under un-
certainty in information technology: acquisition and develop-
ment projects. Mgmt.Sci.,49,1(2003),57-70. 
[7] Dickinson, M., Thomton, A. , and Graves, S. Technology portfolio 
management: Optimizing interdependent projects over mul-
tiple time periods. IEEE Transactions on Engineering Manage-
ment 48,4(2001),518-527. 
[8] Bardhan, I.R., Sougtad, R, and Bagchi, S. Prioritization of a portfo-
lio of information technology projects. Journal of Management 
Information Systems, 21, 2(2004),33-60. 
[9] Bardhan, I.R., Sougtad, R, and Bagchi, S., A real option approach 
for prioritizing a portfolio of information technology projects: A 
case study of a utility company.2004b.In R Sprague(ed.), Proc. 
37th Hawaii Intl. Conf. Sys. Sci., IEEE Comp.Soc.Press, Los Ala-
mitos, CA. 
[10] Cobb, B. R. And Charnes, J. MSimulations and Optimizations for 
Real Option Valuation. Proceedings of  Winter simulation Confe-
rence,2003. 
[11] Bardhan, I.R., Kauffman,R.J., and Narapanawe,S. Optimizing an 
IT project portfolio with time wise interdependencies IEEE com-
puting Society Press, Los Alamitos, CA, 2006. 
[12] Costa.  H. R,Barros, M. D., Travassos, G. H.  Evaluating Software 
Project Portfolio Risks. The Journal of Systems and Software 
80(2007)16-31.  
[13] Fang , Y. , Chen, L., Fukusima , M. A mixed R& D Projects and 
Scurities portfolio selection model. European Journal of Opera-
tion research 185(2008) 700-715 
.[14] Liang-Chuan Wu, Chorng-Shyong Ong(2008) Management of 
 47 
 
information  technology investment: A framework based on a 
Real Options and Mean–Variance theory perspective. Technova-
tion ,28(3)122-134. 
[15] Peters , R. J. , Verhoef, C. Quantifying the yield of risk-bearing IT 
portfolios. Science of Computer Programming 71(2008) 17-56.    
[16] Shashank Pushkar, Sharma R.R. and A. Mishra. Dynamic Pro-
gramming approach to optimize portfolio of Interdependent IT 
projects.CiiT International Journal of Artificial Intelligent Sys-
tems and Machine learning, 1,4(2009)127-131. 
[17] Trigeorrgis, L. Real Options, Cambridge, MA, MIT Press, 1996. 
[18] Goldberg, D E, “Genetic Algorithms in Search, Optimization, and 
Machine Learning”, Addison-Wesley Professional, Ist Edition, 
1989 
 [19] Paulinas M. ,Usinskas A. , “A survey of Genetic Algorithms 
Applications for Image Enhancement and Segmentation”, Infor-
mation Technology and Control, Vol. 36 No. 3, 2007. 
[20] Benaroch, M., Shah, S., and M. Jeffery. On the valuation of multi-
stage investments embeddingnested (compound) real options. 
2005. Workingpaper, Syracuse University, Syracuse, NY. 
 
 
Shashank Pushkar is a Lecturer in the Department of Computer 
Science and Engineering, Birla Institute of Technology , Mesra , 
Ranchi. His research interest is in the field of Information Technology 
project Management and Optimization Technique.  
 
Abhijit Mustafi is a MCA from the University of North Bengal, India. 
He is currently a Senior Lecturer in the Department of CSE, BIT 
mesra, India. His research interests include image processing, meta 
heuristic algorithms and web mining.  
 
Dr. Akhileshwar Mishra is  PhD from IIT Kharagpur. He is also a 
professor of Computer Applications , National Institute of Technolo-
gy, Jamshedpur. He specializes in computer applications and Opti-
mizations in the field of Industrial Management 
